Membrane-based nanoscale proteolytic reactor enabling protein digestion, peptide separation, and protein identification using mass spectrometry.
A miniaturized trypsin membrane reactor housed inside a commonly used capillary fitting is developed and demonstrated for enabling rapid and sensitive protein identification by on-line proteolytic digestion and analysis of protein digests using nano-ESI-MS and MALDI-MS. The design and assembly of the capillary fitting-based trypsin membrane reactor are straightforward and highly robust, without the need for expensive fabrication technology and procedures. The resultant protein digests can also be further concentrated and resolved using capillary reversed-phase liquid chromatography or transient capillary isotachophoresis/zone electrophoresis prior to the mass spectrometric analysis in an integrated platform. By comparing these results with the results obtained from our previous studies using plastic microfluidics (Gao et al., Anal. Chem. 2001, 73, 2648-2655), significant reduction in dead volume and sample consumption can be achieved using this newly developed tryptic digestion station. This nanoscale reaction system enables rapid proteolytic digestion in seconds instead of hours for a protein concentration of less than 10(-8) M, consumes very little sample (< or = 5 fmol), and offers capillary interfaces with various separation and mass spectrometry techniques. The ultrafast enzymatic turnover for attaining complete peptide coverage in protein identification is contributed by the highly porous structure of the membrane media, providing excessive trypsin loading while eliminating the constraints of diffusion-limited reaction kinetics.